Scale-derived cutoff points are frequently used to define 'response' in antipsychotic drug trials. This procedure is useful, because responder rates can be understood more intuitively than a difference in means of rating scales. As various definitions of response have been used, we examined original participant data to assess whether the choice of the Brief Psychiatric Rating Scale-based response cutoff had an impact on the results of seven (n ¼ 1870) antipsychotic drug trials in schizophrenia. We also analyzed whether the chronicity of the illness has an impact on the question of which cutoff is most sensitive in detecting differences between drugs. The results in terms of p-values and response rate differences varied substantially in dependence on the cutoff chosen. The use of response rate ratios attenuated the variability. In contrast to a widely held belief, low response cutoffs were not more sensitive in detecting differences between drugs than higher cutoffs. In more chronic, less responsive participants, there was a trend for higher cutoffs to be less sensitive in detecting differences between drugs than lower ones. The results of clinical trials depend considerably on the response cutoff chosen. Therefore, the cutoff should never be chosen post hoc, a large range of cutoffs should be presented and the a priori choice of the primary cutoff should be based on clinical relevance. The use of ratios rather than differences attenuates the variability. Cutoffs need to be calculated on the basis of 0-6 rather than on 1-7 scoring systems. We suggest a table presenting responder rates in 25 percent steps covering the whole range up to 100% reduction from baseline, which could be displayed together with recently presented criteria for remission.
INTRODUCTION
In many diseases in which 'hard' outcomes such as death are not appropriate measures of efficacy, rating scales are used for the evaluation of treatments. Schizophrenia is such a disease and the Brief Psychiatric Rating Scale (BPRS; Overall and Gorham, 1962 ) is one of the most frequently used instruments for evaluating its psychopathology. To evaluate the effects of different interventions, the mean BPRS end point score or the mean change from baseline score has usually been used to examine differences between interventions in clinical trials. Although such analyses are usually the primary outcomes in antipsychotic drug trials, one problem is that the translation of the results into clinical practice is difficult. We do not know well what, for example, a difference which is highly statistically significant but amounts to only two BPRS points in magnitude means from a clinical perspective. Therefore, in clinical trials BPRS-defined response rates are usually analyzed as additional secondary outcomes. Knowing how many participants have responded to treatment can be understood more intuitively by clinicians than an x-point difference on a rating scale. However, a number of problems arise from this procedure: one is that a number of different cutoffs have been used in clinical studies, for example, an at least 20% (Kane et al, 1988; Marder and Meibach, 1994) , 30% (Small et al, 1997; Arvanitis et al, 1997) , 40% (Beasley et al, 1996) , or 50% (Peuskens and Link, 1997) of the baseline score, so that there is no consensus as to which is the most appropriate one. If a cutoff is chosen post hoc, this is potentially an inappropriate manipulation of the data. In recent trials, an at least 20% cutoff has often been used, although recent analyses showed that this level of response does not even mean minimal improvement according to the Clinical Global Impression (CGI) of the raters (Leucht et al, 2005a (Leucht et al, , b, 2006 . One reason for this development may be an assumption that using a low cutoff increases the ability to find statistically significant differences between drugs. A further problem is that information is lost by dichotomizing the results of the BPRS using a cutoff, so that the results may vary depending on the cutoff used. To the best of our knowledge, neither of the latter two issues has been systematically examined. We therefore reanalyzed a number of antipsychotic drug trials concentrating on three questions:
1. To what extent do the results of clinical trials differ in dependence on the response cutoff applied? 2. Are there differences in the variability of different statistical measures? 3. Does the chronicity of the participant's illness have an impact on the sensitivity of the cutoff in showing between-drug differences? 4. Finally, we suggest a simple table that presents responder rates in a comprehensive way.
PATIENTS AND METHODS

The Database
Original participant data from seven trials (n at baseline ¼ 1870) that compared amisulpride with other antipsychotics were reanalyzed post hoc (see Table 1 ). All studies were randomized and all but one (Colonna et al, 2000) were double-blind. Six trials used the original BPRS (Overall and Gorham, 1962) , and for one of them (Sèchter et al, 2002) the BPRS was derived from the Positive and Negative Syndrome Scale (PANSS) (Kay et al, 1987) . Each trial included participants with schizophrenia or schizophreniform disorder according to DSM-III-R or DSM-IV (American Psychiatric Association, 1987 . Four studies compared amisulpride with haloperidol (Möller et al, 1997; Carrière et al, 2000; Puech et al, 1998; Colonna et al, 2000) , one with flupenthixol (Wetzel et al, 1998) , and two with risperidone (Sèchter et al, 2002; Peuskens et al, 1999) . With one exception (Carrière et al, 2000) , all studies required various minimum scores as eligibility criteria to assure that the participants had florid positive symptoms. The participants in the study without scale-derived minimum scores (Carrière et al, 2000) were all in-patients and had a mean BPRS of 65 at baseline, so that highly symptomatic participants were also involved in this study. Sixty-one participants of one fixed-dose study (Puech et al, 1998) who had received a potentially subtherapeutic 100 mg/day amisulpride dose were excluded. The other three amisulpride doses of the latter study were pooled in one group in our analyses. The mean BPRS total score of the remaining 1809 participants was 57.8711.7 (mean7SD) at baseline. There were 1119 men and 690 women: age 36.1710.9 years, weight 70.8714.6 kg, height 17079 cm. Our data set includes all randomized controlled amisulpride trials in participants with schizophrenia and positive All participants were started at the higher dose, which could then be reduced. b This potentially subtherapeutic dose group was excluded. c In the original report, only the results at 6 months were reported, but there was a double-blind extension to a total of 12 months that we used for our analysis.
Scale-derived response cutoffs S Leucht et al symptoms available in the manufacturer's database with the exception of one study that was not available when the project was begun (Mortimer et al, 2004) .
Statistical Analysis
We calculated the percentage BPRS change from baseline to study end point (B%) for each participant using the formula: B% ¼ (B 0 ÀB LOCF ) Â 100/(B 0 À18), where B 0 ¼ BPRS at baseline, B LOCF ¼ BPRS at last observation, and with 18 being the minimum score of the BPRS in the 1-7 rating system. The data were analyzed using a lastobservation-carried-forward method, where missing cases were replaced by the last available observation, even if a participant dropped out before the first postbaseline rating (this was the case for only 24 participants so that our strict 'once randomizedFanalyzed' approach that has also been applied in reviews of the Cochrane Schizophrenia Group (Adams et al, 2005) should not have yielded results differing, for example, from those including only those participants with at least one postbaseline assessment). We then analyzed whether there was a difference in responder rates between amisulpride and comparator drugs. Ten different percentage BPRS cutoffs were used to define response: at least 10, 20, 30, 40, 50, 60, 70, 80, 90 , and 100% reduction of the baseline score. Although cutoffs above 60% are usually not 'realistic' as primary thresholds in recent trials that include many refractory patients, they were necessary for drawing our curves. They may also be useful in illustrating the distribution of the data (see Discussion). In order to examine to what extent the results based on the various cutoffs differed, the following three measures were calculated for each cutoff:
(1) P-values for the difference between amisulpride and comparator drugs using Fisher's exact test. Two-sided p-values were analyzed as a measure related to type I error. (2) The response rate difference (RRD) and (3) the response rate ratio (RRR) between amisulpride and the comparator antipsychotics. RRD was calculated by the formula %responders A À %responders C , and RRR as %responders A / %responders C with %responders A being the percentage number of participants who responded in the amisulpride group and %responders C being the like percentage in the control group. Although the p-value is a conditional probability and thus a measure related to statistical probability, RRD and RRR are measures of the magnitude of the difference between amisulpride and comparators (ie they are effect sizes for dichotomous data). Please note that the number needed to treat (NNT) is derived from the RRD. It is simply the inverse of the RRD (NNT ¼ 1/RRD). Thus, our results on RRD also reflect the variability of NNT. As NNT is a clinically intuitive measure indicating how many participants need to be treated with (here) amisulpride to have one more responder, we indicate it in Figure 2 in addition to the RRD.
We also calculated between-group effect sizes expressed as Cohen's d for the mean percentage BPRS change from baseline. As our paper is on dichotomous response cutoffs rather than on using the BPRS as a dimensional scale, these effect sizes are briefly shown as a footnote to Figure 1 for reference.
We analyzed the single studies separately and all studies combined. Finally, to test whether chronicity of the illness had an effect on the question of which cutoff showed the highest difference between amisulpride and comparators, the participants were divided into two groups according to the median of their duration of illness. Participants who are more chronic should on average show less improvement of symptoms in terms of percentage BPRS reduction than those who are less chronic. The hypothesis was that relatively lower cutoffs should show more pronounced differences between amisulpride and other antipsychotics in the more chronic participants than in the less chronic group. One study (Wetzel et al, 1998) had to be excluded from this analysis because information on the participants' duration of illness was not recorded. The analyses were made using SPSS version 11.5 for Windows, Excel for Windows 2000, and StatXact version 5.
RESULTS
Overall Response in the Trials
The mean change in the BPRS total score of all participants (n ¼ 1809) combined was 18.3716.6 (median 19.0). The mean percentage BPRS change of all studies was 45.4739.3% (median 53.6) with a range of 41.8-55.3% considering the single studies. This shows that the participants included in the studies responded comparatively well on the average. For example, the mean percentage reduction of the PANSS in two pivotal studies comparing risperidone with haloperidol was less than 20% (Davis and Chen, 2002) . With the exception of Sèchter et al (2002) in which the efficacy of both drugs was similar, there was at least a trend in favor of amisulpride in all studies. The mean percentage BPRS change at end point (LOCF), and the response rates based on four degrees of percentage BPRS change (o25, 25-49, 50-74, X75%) in the single studies can be looked up on the journal's website (see Supplementary Table 2 ).
Statistical Measures Resulting from the Use of Different Cutoffs
Figure 1 displays the p-values derived from Fisher's exact tests for the different BPRS percentage cutoffs. The results of the single studies are shown as well as the pooled results of all 'amisulpride vs other antipsychotics' studies. The main result illustrated by the figure is that the p-values differed substantially in dependence on the % BPRS cutoff used. Sometimes the p-values changed quite abruptly from one cutoff to the next higher one. For example, in Möller et al (1997) the p-value of the cutoff 'at least 40% BPRS reduction' was only 0.24, whereas the cutoff 'at least 50% BPRS reduction' showed a significant difference between groups with p ¼ 0.03. Likewise, in Puech et al (1998) the p-value at the 'at least 30%' cutoff was 0.0095, whereas at the 'at least 50%' cutoff it was 0.37. Figure 2 showing the absolute RRD is consistent with the heterogeneity found for the p-values. For example, in Möller et al (1997) the absolute RRD at the 60% cutoff was 19%, whereas at the 40% cutoff it was only 9%. Or in Sèchter et al (2002) the RRD at the 50% cutoff was 6%, whereas at the 60% cutoff it was À1% in favor of risperidone.
Scale-derived response cutoffs S Leucht et al A different picture was found when the RRRs were analyzed in Figure 3 . Here, the results remained relatively stable approximately up to the cutoff of at least 70% BPRS reduction, whereas above the 70% cutoff in some studies the RRR changed abruptly, probably because of few participants reaching these very high response thresholds in the studies. We did a post hoc comparison of the variation coefficients (V ¼ SD/|mean|) and their 95% confidence intervals (CI) of RRD and RRR. When the whole range of cutoffs (10-100%) was examined, no difference in variation coefficients (V of RRR 0.67, CI 0.56-0.83; V of RRD 0.75, CI 0.62-0.94) was found, probably because of the extremely variable results of RRR at cutoffs, higher than 70% BPRS reduction. However, when only cutoffs between 10 and 70% were included in the analysis, the variation coefficient of RRR was indeed significantly lower than that of RRD (V of RRR 0.12, CI 0.10-0.14; V of RRD 0.46, CI 0.40-0.56). The difference was statistically significant, because the 95% CI did not overlap.
All three figures illustrate that the two lowest cutoffs (at least 10% and at least 20% BPRS reduction) are not the ones that showed the largest differences between amisulpride and comparators according to any of the four measures. The cutoffs with the highest sensitivity for showing differences between treatments roughly lay in the range between 30 and 70% rather than below.
Finally, Figure 4 plots the results of the pooled studies when the participants were divided into two groups of greater and lesser chronicity according to the median duration of their illness at baseline. Results based on RRD were used as an example here, but similar figures using p-value and RRR can be found on the journal's website (see Supplementary Figures 5 and 6 ). The hypothesis was that the more chronic participants are less responsive to treatment, and therefore the cutoffs showing the highest sensitivity to differences between drugs should be lower than in the less chronic participants. Although the figures do not show a dramatic effect in this sense, it appears that there is a certain shift to the right, that is, in the less chronic participants the values indicating greater differences between drugs are reached only at somewhat higher cutoffs than in the more chronic participants. The effect was 
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Wetzel 1998 Puech 1998 Möller 1997 Peuskens 1999 Sèchter 2002 Carrière 2000 Pooled studies Figure 2 RRDs and NNT obtained for different cutoffs.
Scale-derived response cutoffs S Leucht et al illustrated by circling the cutoffs showing the highest differences between drugs. The nature of the difference is purely qualitative, and two factors may explain why the difference was not more pronounced: (1) The difference in the reduction of symptoms compared to baseline between less and more chronic participants was small (mean percentage BPRS reduction 47.8736.7 vs 41.3741.2%; median 54.2 vs 50.7%) and (2) The difference between drugs was more pronounced among the more chronic participants than among the less chronic participants (see Figure 4 ). Both effects may have overshadowed differences between cutoffs among more and less chronic participants. Furthermore, there was no clear chronicity effect using RRR, possibly again because the variability of RRR was reduced by taking the baseline response rate into account (see Supplementary Figures 5 and 6 ).
DISCUSSION
The results of clinical trials can vary to an important extent if different scale-derived cutoff values are used to define response. If the cutoff is chosen post hoc, the results can be easily biased in favor of one compound. Furthermore, the highest difference between amisulpride and comparator antipsychotics was not found at very low cutoffs, such as, for example, an at least 20% BPRS reduction, but rather at medium high cutoffs in a broad range between approximately 30 and 70% BPRS reduction. In more chronic, less responsive participants, the cutoffs showing the highest sensitivity for detecting between-drug differences were somewhat lower than in less chronic participants. The use of RRRs rather than RRDs reduced the variability of the findings, at least as long as the response rates were well above zero. It needs to be pointed out that our analysis is not an evaluation of the efficacy of amisulpride. A number of metaanalyses on this question do exist (Davis et al, 2003; Mota Neto et al, 2004; Leucht et al, 2002) . We attempted only to evaluate the impact of different cutoffs to define response on a number of basic statistical measures. Therefore, more sophisticated statistical approaches such as non-inferiority tests were not applied. Given the theoretical nature of our analyses, we found it also justified to pool the results of all studies in an analysis 'amisulpride vs other antipsychotic drugs' irrespective of whether the comparator was a typical 
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Less chronic patients More chronic patients Figure 4 Pooled studiesFless chronic vs more chronic participantsFRRD. Circles illustrate the cutoffs showing the highest differences between drugs.
Scale-derived response cutoffs S Leucht et al or an atypical antipsychotic. In an analysis of the efficacy of amisulpride, this procedure might not have been considered meaningful.
Antipsychotic drug trials usually compare the means of rating scales at end point in each group rather than comparing responder rates based on cutoff values as primary outcomes. Thus, researchers and statisticians are aware of the general problem. However, to the best of our knowledge this is the first published attempt to analyze this problem in a systematic manner by looking at a large range of response cutoffs in a number of relatively large studies. Although p-values and RRD varied quite substantially depending on the cutoff applied, this variability was reduced when RRRs rather than RRDs were calculated as effect size measures, but only as long as response rates were well above zero. The reason for this phenomenon might be that in contrast to the RRD, the RRR takes the baseline risk into account. For this reason, relative risks rather than absolute risk reductions have recently been recommended as effect size measures for meta-analyses, a recommendation that is supported by our results (Deeks, 2002) . However, in reports of clinical trials in psychiatry, relative risks have usually not been presented to date. Rather, results are presented as the percentage of participants, for example, relapsed in the intervention group and in the control group. Relative risks are difficult for inexperienced readers to interpret (Boissel et al, 1999) . For example, if a clinician were told that the response rate of a drug is 25% higher than that of placebo, he would probably intuitively think something like 50 vs 25% or 75 vs 50% rather than 6 vs 8% (which means a 25% higher RRR, but only a 2% RRD). Thus, intuitivity is reduced by applying relative risks. It has, therefore, been recommended that the choice of risk differences and relative risk reduction should depend on the respective situation (Egger et al, 1997) . We also find it crucial that instead of merely presenting effect sizes, the raw numbers underlying the effect sizes need to be presented. The presentation of raw numbers (response rate in group A and response rate in group B) facilitates the interpretation of the data.
Furthermore, there has been a trend toward using very low cutoffs such as an at least 20% reduction of the BPRS or the PANSS in recent years. For example, all the pivotal risperidone studies used this 20% cutoff to define response (Marder and Meibach, 1994; Chouinard et al, 1993; Peuskens et al, 1995; Hoyberg et al, 1993; Claus et al, 1992) . We believe that one tacit assumption of this strategy is that low cutoffs increase the power to find statistically significant differences between interventions. In our data set, however, this was not the case because the cutoffs that were most sensitive to differences between drugs were usually greater than 20%.
This finding may depend on how well the participants generally responded in a trial. The sensitivity analysis splitting the pooled database into two groups according to the participants' chronicity showed that the most sensitive cutoff was somewhat lower in the more chronic participants than in the less chronic participants. Two facts may explain why the difference was not more pronounced: (1) The difference between drugs was larger among the more chronic participants than among the less chronic participants (see Figure 4 ) so that this effect may have overshadowed the differences in cutoffs, and (2) the difference in reduction of symptoms compared to baseline between less and more chronic participants was small (mean percentage BPRS reduction 47.8736.7 vs 41.3741.2%; median 54.2 vs 50.7%). Thus, although in our data set even the more chronic participants responded relatively well, we assume that in even less responsive participants the most sensitive cutoff would have been lower. For example, in two pivotal risperidone studies the average PANSS reduction was less than 20% (Marder and Meibach, 1994; Chouinard et al, 1993; Davis and Chen, 2002) . If higher cutoffs than at least 20% PANSS reduction had been used, it might have been impossible to find statistically significant differences.
Despite the variability of results in dependence on the cutoffs selected, we believe that the analysis of response rates is still important at least as a secondary outcome, because this procedure has one major advantage: response rates can be understood more intuitively by clinicians than an x-point difference of the BPRS total score at study end point. We thus derive the following suggestions from our analysis:
1. The greatest mistake that can be made is to choose the cutoff showing the highest superiority of a new antipsychotic post hoc. Our results show that such a procedure would easily allow a manipulation of the results. 2. Our data suggest that a broad range of cutoffs should be presented so that it can be evaluated whether the effects were consistent. However, according to our experience with the literature this is performed very rarely. Authors at best present a number of cutoffs (eg at least 20, 30, 40, and 50%). Rather than presenting only one or a number of arbitrarily chosen cutoffs, we suggest a table that presents BPRS-or PANSS-derived responder rates in steps of 25% (less than 25% reduction from baseline, 25-49% reduction, 50-75% reduction, 475% reduction, see Table 2 ). The advantage of this table is that it provides an impression of the distribution of the results by displaying the whole range of responder rates including the extremes. The example shows that 75-100% BPRS reduction may not always be as rare as generally thought. The table can also be put together easily and does not need a lot of space. It has been used in the Chinese literature (see eg Wang et al, 2001) . Similar tables could be used when the CGI-improvement score or the CGI-severity score is used to define response (Table 3) . They should present the numbers and percentages of participants meeting each of the seven CGI scores. 3. To avoid the problem of multiple testing, statistical tests may be applied not to each cutoff, but rather to one cutoff chosen a priori. For this purpose, the presentation of the responder rates in Table 3 easily allows a calculation of the participants with, for example, at least 50% BPRS reduction. 4. The choice of this cutoff might be made according to clinical relevance. In three previous publications, we found that a 25% BPRS/PANSS reduction roughly corresponded to a CGI (Guy, 1976) of 'minimally better', whereas the 50% cutoff roughly corresponded to 'much better' (Leucht et al, 2005a (Leucht et al, , b, 2006 . From a clinical perspective, we think that in acutely ill, well-responding participants a cutoff reflecting much improvement (50% BPRS/PANSS reduction) would be more meaningful than minimal improvement (25% BPRS/PANSS reduction). The 25% cutoff may still be useful in treatment of refractory participants in which even small changes of psychopathology can be important. 5. A basic problem is that percentage BPRS/PANSS reduction is often not calculated correctly, because the minimum score of 18/30 is not subtracted. Owing to the 1-7 scoring system of both scales each participant always has at least 18/30 points meaning 'no symptoms'. Thus, a reduction of the PANSS from 100 at baseline to 50 at the end of the study is not a 50% reduction, but rather a 71.4% reduction (the correct calculation is 70 (100-30) at baseline to 20 (50-30) Emsley et al, 2006; Tollefson et al, 2001) . Indeed, there is no rational why a 1-7 scoring system should be better than a 0-6 scoring system (Thompson et al, 1994) . The decision to rate the PANSS items 1-7 rather than 0-6 was more or less arbitrary (L Opler, personal communication), but makes it even more difficult to understand PANSS total scores intuitively, because the reader must always subtract 30 points which do not relate to any symptoms.
6. Last but not least, 'remission criteria' for schizophrenia have recently been presented (Andreasen et al, 2005) . The advantage of the remission criteria is that they show how many participants were without significant symptoms at the end of a study. In contrast, even an important reduction of the PANSS from baseline does not rule out that the participants were still symptomatic. For example, a change of the PANSS from 140 to 70 is a 50% reduction (0-6 scale), but the participant is still symptomatic. The disadvantage of the remission criteria is that they do not reflect the change of symptoms. In a study with low levels of symptoms at baseline, many participants may be in remission at its end although the overall change of symptoms was small. In many studies, the use of both remission and response criteria may be warranted. In this example, the intervention group is all participants in the amisulpride groups and the control group is all participants in the comparator antipsychotic groups. Intervention group n n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Control group n n (%) n (%) n (%) n (%) n (%) n (%) n (%) Intervention group n n (%) n (%) n (%) n (%) n (%) n (%) n (%)
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